TRAE SRR Oct. 20, 2018, 45(10): 2142-2151

Microbiology China http://journals.im.ac.cn/wswxtbcn
tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china.180010

A E E R IR IE & A A
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(L R Tl A R iR TR S5 IR BE R Tl A RISEHT Ko 300308)
(2. AT RFTAGWESANTAIRE il AT 832003)

i E: (5] LEEFHORAPALERSFESD TN T LR EZI—, AAREYDK
R EFMEIEREZF IR F ik, [B 8] ARE LEAE A4 Y Ret o 05 s skt 48
BHAF T AL S, AR EERREEAR TR, [Fx] KA FRZIREHL
H—RBEBFREANER, ZITS FI o sh T Ao Liis. VARBREE ) h % 54547,
vA NaCl 4 E FeBhBRA5 45 B A % IR &, MW AEBARAR RAABER G S, ARBEBRNS
pH g% %4, (4R £H:4155) 16 HREABORIABENGAY, L F 4 AT KBLFA
BHEGRBER, SR 1REBKREMF-1)F= 3 R # BB (SD-2. XI-7 F2 HLI-3). &
#k SD-2 Fo XJ-7 A& K 44t 2 48 ) B F4F T H Ak MF-1 4= HLJ-3. 5 NaCl iR 4 5%8T, B4k XJ-7
WY IRBREE ) AT, EBEFETIA 0.50%; 4 NaCl iKE A 1%AF, B4k HLI-3 69886t /) 44T, %
BE % 6.93%; % NaCl RE A 0 B, Btk SD-2 = MF-1 69 555 68 h 425%, B £ 55 4 9.07%
Fr 3.73%. d—FHRAIARTABARAGEAHRENERARPH E2EFHMXXE. [4#£]1 7
HRRFG ARAB LB ERR LR T A RE L7, H5B LIEA RN AT HAF
84 i B FRAL 22 AR B Ao iR B0 Fmh
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Screening, identification and salt-tolerant characteristics of
phosphate-solubilizing fungi
YANG Rong WANG lJing-Jing" XU Song® ZHAO Wei' LIU Hai-Yan? LI Qing-Qing*

HUANG Zhi-Yong""

(1. Tianjin Key Laboratory for Industrial Biological Systems and Bioprocessing Engineering, Tianjin Institute of Industrial

Biotechnology, Chinese Academy of Sciences, Tianjin 300308, China)
(2. Key Laboratory of Oasis Eco-agricultures, Shihezi University, Shihezi, Xinjiang 832003, China)

Abstract: [Background] Salinity is one of the most brutal environmental factors limiting the
productivity of crop plants and soil quality. There is a need to develop simple and low cost biological
methods for salinity stress management. [Objective] The fungi with phosphate solubilizing
properties and salt-tolerance were selected from different soil samples and biological fertilizer in
order to provide good application candidate as soil remediation. [Methods] The method of plate
culture was used to screen the fungi with phosphate solubilizing ability. The classification status of
the strains were determined preliminarily based on internal transcribed spacer (ITS) sequence
analysis. The effects of NaCl on phosphate solubilizing ability of four isolates were measured. The
correlation between phosphate solubilizing capability and pH value was analyzed. [Results] A total
of 16 phosphate solubilizing fungi were obtained, and 4 strains of them increased the growth of rice
germination significantly, including 1 strain (MF-1) identified as Trichoderma longibarchiatum and
3 strains (SD-2, XJ-7 and HLJ-3) identified as Talaromyces. The tolerance of salt depend on different
strains. The salt-tolerance of SD-2 and XJ-7 were better than MF-1 and HLJ-3. XJ-7 was able to
grow in media with 5% NaCl, the P solubilizing rate was 9.50%. HLJ-3 was able to grow in media
with 1% NacCl, the P solubilizing rate was 6.93%. The P solubilizing rate of SD-2 and MF-1 were
9.07% and 3.73% without NaCl, respectively. The phosphate solubilizing capability and pH value
had significant negative correlation in liguid medium for Talaromyces. [Conclusion] The present
study found that the phosphate solubilizing ability of 4 strains were significantly different in different
saline environments. These phosphate solubilizing fungi have great application prospect as biological
fertilizer in saline soil.

Keywords: Salt-tolerance, Phosphate-solubilizing, Talaromyces, Trichoderma longibrachiatum

B A R OOR TR, SHYmA K

Yy, QIRMR . HRE AR S5 sk

FIRERR BN VIASC . A LR s AR,
(HA 7 [ AN AR i B S AE R il LS R e B 50
PEFTRTR IR 2 . R B, s n] R A
PR G B 0.0%M, R, It
A R]FIPEOR T 29 A A P RN R . AR5k
N[4S S iBun TN EPN g a0 P STIR (7 i P ISP
S it A IE A B el . IR AR 2 3
L AKNER R, b2 P ECE R ARE R,
il SRR A2 B k5 g G, anfer ey 1
WA AT A AT — B2 2 NI B2 R

T AR R AT A I, SR PR AR
A IUAE KBTI o BFTE R AR 2 1 sk

BRI R . FALRERS A RR, EA TR DiTE7E 135
AL HoPO, Il HPO,Z, #2551 THIEny it
WK, TSR P O s e o
TeHLBERIHLE] EE RS A PR & 5 . FRIC
+3 pHP!, ZE AV IATE TR S Himer
2SN FL7E 1995 AR AR Y, A W3 3o R A P RS i
B, AT LL R AR U 4 35 TC AL 1 7
Mohammadi ZECYBFSE % B, AEIIARBR A4 20 B i 5 4
WK A VLIRS R RS AN e T B, MR
PEEEYIRTBE AR . SR, BRI R AT
WA BB FIALE], X BB A e A
L b, SHMEAAHL, B A A PLERIEE ] R,
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A LR VA BESCR I B T, T AR
T PEAE A AR R AR b i e e B T Al
O R, 1N MR TSR, AR
PR E v 4l nT A P M T E A R 200, R
1M, B 6T 0 B B i UR BRF i 5 R
(Aspergillus) #1175 2 J& (Penicillium) B i, H g 2K8f
R 0P R, Sk 2 AR EL
PRIZETE, AT A - e al MR R i 4 R ) O
2RI

WHE IR ER, HAER L R
%1k 9.91x10" hm?, JuHAET R, KT RN
WEHBIX , R A I A T AR
R AL xR AL A S R G R K R A
AEEE N, TR, B RN b
e Y, HARZ R—Ee b b, SN I7EERTE:
e A R B, ST R AR
TR, eI, AFER
Ebmg A A MR . ST, AR R A
SR P R N P S M AT — E VS R RE T Y LA
TSI EL B R R X SR A (TR 32 FR R, IR AT I
WRRRLEA R ER A N A B . WIR A R R Y
TG FVE R, USRS et (e B e R 05 TR P
AT 3 RN B0 o
1 MRS I3
1.1 #HEXE

2017 4F- 4 J, HAERENCRAE TR TLE . B
AT TR AR A X AR 38, R A5 )
JEOKAE . MRAEFNERSE . R FRE R A LA,
BUE b 5 cm—20 cm Bt H3ERE sy, fhia
Yoo RASSEIRAK, - T RKANEELET, &
FUKES PR P12 562, PRAFFE—20 °C,
1.2 HEFE. EERFIFLE

LT A3 B R P 20 A 3R 3 (g/L) - 2B
7.0, #i%HE 10.0, B A 1.0, BEREE 0.5,
Bl 18.0, 1% fnfiri 3.3 mL, pH 6.8-7.2. £
RFRIEKE IR ER R 45 °C oA, 4 100 mL

BegR e n 1%55 %5 X 0.3 mL., EEAifb R
PRI HE(PDA, glL): 445 200, HEHE 20,
B 20, pH 6.0,

iR T TRT 1) 43 15 R FH JC L 355 5% 3 (Pikovskaya
agar, g/L): & fb4h 0.30, FifREE 0.30, E LA 0.30,
WilRE% 0.50, FiBERILEk 0.03, PUKAHiERSE 0.03,
W24 5.00, #4459 8% 10.00, BiiE 20.00, pH 7.0-7.5,
JIT P28 A [ o pr 4t

SHNAT WA EETT, B A R IR IR,
T BT AT PR E] s PCR X, AR A e
WEHLIKAY, AR H]
1.3 MEFHZE
131 HIEEEMS B

AR A 10 f5RE R RE:, FRE 10 g +
B RS J5 , B4 90 mL JCRE K —
A, FEARGIRSY, BRI W R R
107, 107, 107°, 10° IR . FLHE R
R AT A, W 200 uL R A T
Prer AR SR |28 °C #5557 3-5 d JE 7 FAl ik
BRI RE I TRVE , 4kSire PDA A E4lifk,
B SRR A 1] 5 40 B A ]
132 AFERNE

PEBCR/IN—EL IR K FERD F7E 2% (FREfk
FHE) R ERENIA W PIRE 15 min 13, REH%E
BT, T R BERE AL KA
TR R B T, X RECR R A IR FR TG 1 R IR A
P, 28 °C. 180 r/min #RFH:FE 4 h 5 FhFHUE
BT 9 cm BRI, $EFRILAR 2 JZu84t, A
KRR, fJm w5 — UL FP T b o BTN 20 A,
R 3 IRE S, 28 °C JBHEHESE 72 h, WA
IR TG B K Ak A I b 70 % 2 R
R, REFRNE AR

R ER (%)= & R TR T R 8x 100%
133 EEFFIISH

KA CTAB JAHREUE R AL 4] DNA. FIH
H I ITS J¥41i% PCR A5 14 1TSL (5-TCCGTAG
GTGAACCTGCGG-3))#l ITS4 (5-TCCTCCGCTTA
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TTGATATGC-3)i#:4 7 PCR #1450 pL PCR JZ i
F . itk DNA2 uL, . FiiF5147(0.25 umol/L)
4% 2 uL, PCR MasterMix 25 pL, ddH,0 19 uL. PCR
SIS 93 °C 3min; 93°C 1 min, 53°C1min,
72°C 90's, 30 MEH; 72 °C 10 min, WF45HRAE
GenBank %82 4T BLAST HoXT, deF:AH  fBUEE
IS E Y, BSEF5 . SMNEF5(Outgroup)
M HANFS—EAH MEGA 5.0 B ENASE AT
B, FE SRS & GenBank 33855,
1.3.4 A#EEE/F pH ME

(1) EMMERBERE T . FICHRTILES PoBT it
BB EREIE NS TIR R 228 R, BT 100 mL
") PDA Wi iARE 7Rk, 28 °C. 180 r/min #iz% 455+
48 h, B 50 pL FVRSTETCHLBERT R |, 28 °C 1%
3% 24 h, B H AR B R e VAR
12 (D)MIETE EAR(d), F DI &R B 1A
REJT, WA VAERE ST B MRIET T R R SliAb 5 e 2 R)
TSR3, 4 °C {9

(2) & RMEEBERE ) . FITCRHT AL a8 BT it
BRI IA VR N GITIH LR, ASH
Cag(POy,), JLHLBER) PDA iikkiF:3Er . 28 °C.
180 r/min &% 45 5% 72 ho FHE AU R L i A5 2 B
PG, FHARBHHT L i e D b T vt T hL
i, [N GE pH R, AIAREEEE A2 oo gt
BRERITR AN

VAl 2R (%)= (22 1T M i M 8 2 o R PT O
B )OI A TCHUE IR 1) £ x 100%
14 ERRWZIT

R HIEASIRE B IR UA R NaCl i
IHH Cag(POa), WS INHEXT A MRA K FNA B RE 1 152
M. NaCl &% 3 MEEEE, Z3illiE 0. 1%F1 5%;
Cas(POq), X E 4 MR, & 0. 1. 3, 59/L.
£ 100 mL (% PDA W AR: TR EL 43 B I AS 6] L Y
NaCl F1 Cas(POs)2, FLHil AR EE 3557 0E .
KT LA AR L R 22 PDA Al AT
fL, JeHEBEH AL KE RG34, 28 °C.

180 r/min k7355 72 h,
15 HESHAE

FI A B s R AR E 2 (n=3) . L t KSRy
Br 25 BRI 7K R A 2 38R0 A 2K BE R 52 ) (P<0.05),
3 3 B 3R 22 43 A FU RO [R] B ) A K B A e
TEANE RIS R S wEaE )1, I Turkey’s
honestly significant difference (HSD)# %A ] kb 3§
[F] 2 5 1) {251 (P<0.05) . fili ] Pearson #HOC/Hr
AR B E S EERE 1S pH M. Frfa giit
AT di A IBM SPSS statistic (Version 21.0)#1 7
FiA VI #8 F Origin 2016 58 %

2 HR54h
21 BFHRENSBIFIE

S PRI, AT 16 BRIETCHLEE
SR AT B R AR AR (3R 1), B4 DI B EE
fE 1.13-2.07 Z ], Al R e ke 2] 2 pk
WA IR, F SD #oR; BRI HEr LG
VEF] 2 MR A LRI, ) HLY R Bram 1
TG R 7 BRI P RIEEER, X0 Fons M
AR IR R RT3 2 5 5 AR B S A R 0 TR A
A MF &R,

* 1 TREBEERBSEE
Table 1 Phosphate solubilizing activity by different isolates

IR G5 HiEH PifEZE
Isolates name D/d SD
SD-1 1.55 0.02
SD-2 1.81 0.10
HLJ-2 1.52 0.03
HLJ-3 1.66 0.08
XJ-1 1.78 0.06
XJ-2 1.16 0.03
XJ-3 2.07 0.09
XJ-4 1.36 0.04
XJ-5 1.70 0.08
XJ-6 1.94 0.06
XJ-7 1.46 0.02
MF-1 1.89 0.07
MF-2 1.22 0.04
MF-3 1.13 0.05
MF-5 1.69 0.04
MF-6 1.79 0.08
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IS E X 16 PRI BE X KRS A 22050
W f5 B, el AR RIAR L R PSS , R 4 Bk
W T N KRR R EE KRR B 0 A AR
(P<0.05), ' MF-1 ATLLEE 425 47.03%, SD-2
A DL R 54.26%, HLI-3 A DLW E 4R
77.05%, XJ-7 ATLLS IR 42.78%. K, HEHK
X 4 PR — D i Y
2.2 AWE ITS rDNA FILE

FIHITS rDNA F¢ 551 %) 4 RV 0l i vk i
ITS DNA 74117 PCR ¥ 34, 93 7=y th A2 K 3k
LR A PR w0y, 45 31/ Ty 1 48 52 3]
GenBank {15 T %5k %5 . Wtk SD-2, HLI-3. XJ-7
FOMF-1 3R 15 09 %5 5% 5 70l o8 MGT745309 |
MG745311, MG745319 1 MG745304. HJZE) &
SRERE DE/R, Wk SD-2. fil XJ-7 5B
I J& 4 R 75 75 (Talaromyces  funiculosum) i AR {1
B, MO HLI-3 SR R R R A T 2% (Talaromyces
phiophilus) AL PR &, W20 %58 3X 3 BRI W BR

Y9 B JE B A (Talaromyces); 75 4h, MF-1 k5K
ki A % (Trichoderma longibrachiatum) fit A5 {81 14
99% , A UK I %5 e O KR K (Trichoderma
longibrachiatum),
2.3 EEFMTHEBERENEKREKBZIN

HHRFE#E SD-2, XJ-7. HLI-3 F1 MF-1 7 3 4~
NaCl ¥k 21 4 D TehLik B s e B h ¥ ae A
HEEFE 720 5, ENMARERHEAR (K 2).
It A R R ARAE S B, AR RN,
Pk SD-2 Fll XJ-7 A KA I 222 5+ (P=0.383), {H.
Wtk SD-2 Wit EhfE ) i3 = T MF-1 (P=0.008)F0
HLJ-3 (P=0.000); 1fii XJ-7 YT EhGE S1 B 4FT
HLJ-3 (P=0.000), {H5 MF-1 Z[a¥H B EER
(P=0.052).,

PAINZE 7 225007 5% NaCl 445 T 4 KRERTHERGE
71, ZEREoRER SD-2 il XI-7 (AR I B &R,
{H4 53 4T ikk MF-1 1 HLJ-3 (F=18.843, P=0.000);
BiE NaCl WREERUHEIN, FEbk SD-2 1 XJ-7 A=Kk

SD-2 (M(3745309)
X1-7 (MG745319)
88 Talaromvees funiculosus (KM4A57629)

Talaromices fumiculosus (GUYB0968) Talaromvees

67

1TLJ-3 (M(G745311)
Tataromyvees pinophilis (KM458822)
Talaromyces pinophifus (MF093899)

6 .
! Tataromyvees pinophilus (LC199384)

Trichoderma longibrachiatum (MF102193)

5 MEF-1 (MG745304) Trichoderma

Trichoderma longibrachiatum (KY 76487 1)\ fongibarchiatum

Trichoderma longibrachicnum (KP281451)
Trichoderma longibrachiarm (F1459964)

—_
0.2

1 BAHMERMRREES T

Figure 1 Phylogenetic analysis of phosphate solubilizing fungi

Blastocladiella enerson (X54264)

TE: 55 SERFS GenBank Bk 'S 7 SR BT RGP E; PR RAURFPHIInI S8
Note: Numbers in parentheses represent the sequences’ accession number in GenBank; Numbers at the nodes indicate the bootstrap values on
Neighbor-Joining analysis of 1 000 resampled date sets; Bar 0.2 represents sequence divergence.
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A2 B FAE], USSR I 5 mglL

BF, BRRA R I T e, iRk SD-2 Fi1 XJ-7
A KRR RE 30T, FEek R S b Ty A
—ERIN I XTIk MR-1 T, B NaCl
VR BERRG I, AR A= RAF DU BRI T TR HLI-3
E 1% NaCl Z5F T A K AF B 47T 0 1 5% NaCl
5, AR 1% NaCl J2iZ i 1ol A KR (K] 2),
2.4 EEFTHEBEREXNEKASE NI
R TS 4 BRIETEANE NaCl E Xt
Cag(POu), M fRREST, A0l SR 72 h )5 4 b
WA, 45 0LE 3. 4 BRI 22 AR
K, BE MF-1 (7 BERE J1 8T BT NaCl ipif Lt
BB, TETC NaCl 261 T Ml & = T 1%F1

[] 0% NaCl
A: MF-1
35
a
s0f 2 a
1 a I
25} a‘ a : b
220+
~
S15¢ c
b
T N b
05+
0.0 4
0.0 1.0 3.0 5.0
Concentration of P (g/L)
C:SD-2
.
a a
3.0 a 2 2 a aa.,
a
25F 1 a
s20} b
Q
C1s
1.0+
0.5F
0.0L—
0.0 1.0 3.0 5.0
Concentration of P (g/L)
B2 EEMITHEKENERE RO

5% NaCl 4512, 7EJC NaCl 44T (i e i il iy
37.33 mg/L; Witk SD-2 M s A AR J& 1% NaCl
AT, R ATIA 176.13 mo/L; Rk HLI-3
AT RETE O 1 1% NaCl 4/ F il g% 5,

IR AT I 162.65 mg/L; Rk XJI-7 (O #ERE
1t 1% 5% NaCl Z&0F T A B & 255, ik
WAl ik 158.93 mg/L.

XL 25T Cag(PO4), A1 NaCl 11938 HAE F X
PRYGHERE ST IR (3 2) 25 SRR BN, 4 MRIE RIS TE
R ¥ %2 F) Cag(POs);. NaCl DI A1 [HA2H.
VERIRSZI . TEkE X3-7 (OVEBER X £ TH 2 68 1
15, 7E 5% NaCl 40 N XA MR R 5w, ATk
9.49%; Itk HLI-3 FUTEREA X ER A0 32 BE 142585 ,

1%NaCl [l 5% NaCl
B: HLI-3
35
3.0+
25
220
~
15
1.0}
0.5t
0.0
0.0 1.0 3.0 5.0
Concentration of P (g/L)
D: X7
J.
3.0F a a a
a g a @ 2
2.5} a a a
=20}
Q
QS 1.5F
10} b
05t
0.0Y
0.0 1.0 3.0 5.0
Concentration of P (g/L)

Figure 2 Effects of different concentrations of Caz(PO,), and NaCl on growth of different isolates
TE: AF/NG FRERORBARAEA R R BE S F R AA7E .35 22 57 (P<0.05).

Note: Data followed by the different lowercase letters are significantly different due to NaCl treatment at P<0.05.
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e P WP
A:MF-1 200 - B:HLJ-3 200, A A
180 180 - a ? a ,
S 160 5 160¢
2 1ot 2 o
= 120} = 120+
=2 2
S 100} S 100}
= A 5 b
s 80t s 80r b :
9 Q
s 1 B B g r
a 40+t T b o, 40 + B
zg_ .; 120 ¢ bab 28_ ab a b
0.0 1.0 5.0 0.0 1.0 5.0
Concentration of NaCl (%) Concentration of NaCl (%)
C: SD-2 A D: XJ-7
200 — a 200 1 A
180 | z B 180 - a A
B - a -
5160 | . 5160 - a a
D140 f a a D140t
g a )
guor £ 1200 b
§ 100 i § 100 - B b
Z 80t b 5 80 —— :
Z 60} £ 60 a
3 s b
b
& 40 ¢ e 40t 0
20 20+ )
0 0
0.0 1.0 5.0 0.0 1.0 5.0
Concentration of NaCl (%) Concentration of NaCl (%)

B3 REMITHEKENEREHERZN

Figure 3 Effects of different concentrations of Caz(PO,), and NaCl on phosphate-solubilizing concentration of different isolates
TE: P1, P31 P5 FIR Cag(POL) M/ 1. 3 H1 5 g/L. AR/NEFIRT 843 5 3R B LE A [R) JCHL Bk B A0k o 25 1 R A
1 4k 35 2% 5 (P<0.05).

Note: P1, P3 and P5 represent 1 g/L, 3 g/L and 5 g/L of Cas(PO4)., respectively. Data followed by the different lowercase and uppercase
letters are significantly different due to Cas(PO,), and NaCl treatment respectively at P<0.05.

%2 EXREMEKABERZM

Table 2 The effects of orthogonal experiment on P-solubilizing rate of different isolates (%)

St FES
L Factors SD-2 XJ-7 MF-1 HLJ-3
Nl Cas(PO,(g/L)  NaCl (%)
1 1 0 9.07a 3.21d 3.73a 5.90b
2 3 0 3.90ef 1.14e 0.80b 5.10b
3 5 0 2.44q 1.03e 0.13c 3.25¢
4 1 1 7.97b 7.88b 0.38c 6.93a
5 3 1 4.75d 5.18¢c 0.12c 5.19b
6 5 1 3.52f 3.17d 0.01c 3.08¢c
7 1 5 6.79c 9.49% 0.30c 0.31d
8 3 5 4.47de 4.89¢c 0.03c 0.14d
9 5 5 2.50g 2.28d 0.03c 0.04d
Ca3(P04)2 ** **k ** **k
Nacl ** ** *%x **
Cas(PO4)2xNaCl ** *x *x *x
Maximum P-solubilizing rate 9.07 9.49 3.73 6.93

TE: iR A 3N EARM T BdE AR/ NG FREFORAFAL I Z [BI7E 0.05 /KN A B2 5. *: P<0.05; **: P<0.0L

Note: Data are means (n=3); Data followed by different lowercase letters indicate significant differences among different treatment.
*: P<0.05; **: P<0.01.
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£ 1% NaCl &0 T, ZWHMEw R, H
6.93%; itk SD-2 Fl MF-1 AV B30 £ A0 i A7 Rk
J1382%, AEJC NaCl 2544~ , Ttk SD-2 F1 MF-1 ()
KBRS 50 9.07%F1 3.73%.
25 HEKABEENF pH BXR

HE—2 TR R R I BERE 1 5 pH ARG
PE(n=27), £ Pearson FHOCREITHE LA, Hitk
SD-2., XJ-7 Fl HLI-3 M #ERE 1 5 pH AIAHDC R 2L
4351 °4-0.399 (P=0.020) , —0.692 (P=0.000)#1—0.964
(P=0.000), iMAEIRL SD-2. XJ-7 Fll HLI-3 HIIAHE
A1 pH B EAACCR (K 4), MEK MF-1
A R ZER
3 WiE%i

KT R TR (AT ST AT 2 I e Ak 38
AR . VS A e O AN A A T R B T AR
A, XA HH A 25 2R G0 H Vs i B A TR 2 0%
R . BT RS 32 B A KRR
fyFR I FEAR 24 R e E YR B il 90k
P, PRI, R R ERERE 07 B A v g 2
WAKRIEH AR, TEREAXREER
(Schizophyllum)t VR 75 Ja 20 (5 e 7 25 U A 4
WA ECT), PEE RG] T A g5 T L A
TiAN, AR S F 0 2 A b fale A 4 e oy 3
Ht - REI AR L RV R LR R R SRR

A: SD-2 B: XJ-7

SEPEDT TR ATFRA DTS, B, WRAIZHE
s N G R T E N WA I DN N E NI SER:S
PR RTEBRASCR X T ST X RN ] 2 45 1
AW B R S AR I T T S i 3]
16 tRA B BIE BRI LR, Horh 4 BRISTEE XS
KRR A W MR ER . B RS kK F R
e Hh L RIS U R R TRAEKRE R, S5k 3 bk
JBTER YR, H X P I AN Ry T
PIHER D

ARZZ B (Trichoderma spp.) o] LLr=A: ZFiXHHEY)
W ELER L AT DA S B R BV E RS o
[ AR A BN, Ay A K &
', WMmAGER—F AR A S A B L EEE .
Tt | SRS E TR A . AR, AT
REWHEAMUR R TPt miER, H
BBEDIRE R ET Az R Ik, LA AR TR R T
A# Yasser SPGB, MR EETER
1R 0.3%, AEe LI, FEBCA ERhA 5514 T KA
REEHIEBERN 3.73%, MG HRAREM 10 £, Ui
KABREEALAT LIVE A B bk, Hawiae ek
b AP LA R R 2 TR A S g 20
() A v BB e TR T R 2 U o AT LLGA B
109.22 mo/L, {H 2% 50 - 1504 7% &3 ER a8 PRis
X AREERBERE ISR, U AR R WA A

C: HLI-3

120 120 r 120
_ 100} 100} = _ 100}
S - 9 . S
2 80} . S 801 2 80}
£ - s £ .
£ 60l * Lol - £ 6o |
i N T N ]
5 R H = AN = \‘\
£ 40 3 £ 40! . £ 40} .
S - E . = . . S LN
& 20} - = 20} . & 20 N\
P AN
() P — oL . . 0oL ma
30 40 50 60 7.0 8.0 30 40 50 60 7.0 8.0 30 40 50 60 7.0 8.0
pH pH pH

B4 TRIEHBHES pH B

Figure 4 The correlation between P solubilizing rate and pH in different isolates
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B DAL XoF - S R PR BT A A7 R B 2 I R I e
HOR . AR, BEEERBRE, KERER
AR AR I A BRI S, Ui RTENE AR
PIENER L AR p TR 0 8 5, I
SRV A0 B v B S R 2 R 1R A N I
.

BT RE RS ERE N — R, FEHT T
ARy A RN P T 9140, A BIFE R BER Y T
AR TR B (Talaromyces stipitatus) fE R4 B 75 4618
AT AR R A BT BRI, 20 P e 2 B
W5 Fp 22 A AR A ST R A kP (R,
BRI AER M A S R G TR B 2 /0 T Tolk i
W, T HAA TR B, I AL, 3 BRERTT R
JE AT DL 3R M KR I 2R, X R AR B
B E MR R P A R PR . JCHLIREY
THEKRMIRCRMFGERE) AL, SEAER
LT 258 (Aspergillus sp.)F1i%%)& (Penicillium sp.)
PR LENLHRS, B SRS A TIRARITE . ABESE
RIRAYIX 3 BRI TS T L I A 6 B ) S0 T KA
KRG, JHIX 3 HRIETEA R R IR G T IR B SCR A
BEZES, Wk XI-7 7 5% NaCl &4 F iR
Ak 9.49%, Fitk HLI-3 78 1% NaCl £ T i
# 6.93%. Kbk SD-2 £EC NaCl 5514 7 wE%
T 9.07%, 78R AP TR R, 4
NaCl ¥R 3%-T7%H}, FiRTH & IV B ALTE
1.25%—1.63%:2 0] o i WA 1058 A i 126 3] Py iR R
JB I A TRE I T R 5 . A, FEFRuc
) T AR & BLVE b 75 & W B R 3, PTak 3
24.1%, (HJEZIRE XS BT B DT 9T A 5 i ER
JiiE BTl B ER PREE AT RE s 2 5 M e R A T
BERCR . AIRERE L AT AR NaCl 254 T Rk
M ER DL L) S SR RE ), ¢ BLBR S 71 J& AN [H] T R X
R 2 A B 2 . PR 2 B A
H, NS S LAY, A SRR,
KFEFE R AR TR IIRE, FEARIERHIAS

VWA A W) O T WA E P 2 i o 7 A A L

M2, WAMREEMET T2, " A PR 20y
i, LA PURRAEREAR SR pH (ERIFEI, XAE
S5 8 BREEE T AL EG R, SR TR,
M RATRAER, ZEASRIG R B, 3 PR YT 21
R ATERE T 5 pH B E AHCCR, Xalfigle
AR A HLIRIE A, B pH (U], FRALRE T
SR, VAWERE I BGR . RTAEE Th R BB R 1
WERESI S pH LR EMSCE, AHTA pH E T
WIS BRI T A BE AR RS T RE S B
2 AE AR BT, JLEBRILE A TR A
WF5E.

TR Ak R AME S e A DA T,
Tl ol R R S R 22 5 SRR . ARG e R
1 BRRBOREER 3 AR Y M RAEA R A
ANFEIREEBERE ST, ¥R TIPS R L R AN
W, R B S R R A A DI R Y
WEAARML T Z A BTIR.
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